LEZIONE 2 

Cellule e molecole nella risposta 
immunitaria innata 
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Sites of Haemopoiesis 



Yolk sac and para-aortic 
mesenchima 



Liver and spleen 

• Bone marrow 

- Graduai replacement of 
active (red) marrow by 
inactive (fatty) tissue 

- Expansion can occur 
during increased need 
for celi production 
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TYPE OF CELL 


FUNCTION 




Red blood cells 
(erythrocytes) 


Transport oxygen 
and carbon dioxide 




Platelets 

(celi fragments 
without nuclei) 

White blood cells 
(leukocytes) 


Initiate blood clotting 



Pluripotent 
hematopoietic 



EMOCROMO 

E' l'esame del sangue più eseguito. Esso contempla il conteggio del numero dei globuli 
rossi (eritrociti), dei globuli bianchi (leucociti) e delle piastrine (trombociti), nonché 
la determinazione quantitativa dell'emoglobina. Con la formula leucocitaria, il 
laboratorio fornisce la percentuale di ciascun tipo di globulo bianco (granulociti 
neutrof ili, eosinof ili e basof ili monociti, linfociti). 

E detto anche esame emocromocitometrico che letteralmente significa "misurazione 
del colore del sangue e del numero delle sue cellule, cioè dei globuli". 
L'emogramma normale (ci sono varianti in rapporto all'età e al sesso), è così 
rappresentato: 



EMOCROMO 
Slobuli bianchi 
Slobuli rossi 



VALORI DI RIFERIMENTO 

4.2-6.1 
130 - 400 
40-74 



UNITA DI MISURA 

x10 3 /mL 
x10 6 /mL 
x10 :: 7rnL 



Myeloid Lineage 

Granulocytes: 

- Neutrophils 

- Eosinophils 

- Basophils 

Monocytes and macrophages 
Dendritic cells 



Neutrophils 

60-70% of WBCs 

Multi-lobed nucleus 

Granulated cytoplasm 

Life span is 2-3 days 

IO 11 cells produced every day 

Prominent in inf lammatory response 

Leukocytosis is marker f or inf ectious 

process 

Actively phagocytic 



Glycogen 




Primary 
azurophilic 
granule 

Phagosome 



(a) Neutrophil 



Sono i più numerosi ed importanti tra i granulociti 
Hanno granuli 

Sono i primi ad arrivare nel luogo d'infezione 

Nel sangue il loro numero aumenta rapidamente a seguito di un'infezione 
Sono continuamente prodotti dal midollo osseo in grandi quantità. 



Content of specif ic granules in different granulocytes 



• Neutrophil: alkaline phosphatase, lactof errin, NADPH 
oxidase, LL37 



• Eosinophil: cathepsin, major basic protein, eosinophil 
cationic protein 



Basophil: heparin, histamine, condroitin sulfate 



Eosinophils 

• -2-4% of WBCs 

• Bi-lobed nucleus 

• Granulated cytoplasm 

• Stains with acid dye (eosin) 

• Prominent in response to parasitic 
inf ections and allergy 

• Poorly Phagocytic 




(b) Eosinophil 

Grandi come i neutrof ili, nucleo bilobato, granuli basici nel citoplasma 

Sono il 2-4% dei leucociti del sangue, ma molto numerosi nei tessuti. 

Vita media 18 ore nel sangue, giorni o settimane nei tessuti 

Nel citoplasma contengono numerosi granuli contenenti sostanze 

antimicrobiche, particolarmente efficaci verso i parassiti. 

Sono particolarmente coinvolti nella resistenza alle infestazioni da 

elminti (vermi) e nelle reazioni allergiche. 



Basophils 

• <1% of WBCs 

• Lobed nucleus 

• Heavily granulateci cytoplasm 

• Stains with basic dye 

• Prominent in allergie responses 

• Non-phagocytic 




(c) Basophil 



Sono meno dell'1% dei leucociti del sangue. 

Come i mastociti hanno dei grandi granuli citoplasmatici che contengono 
sostanze che regolano l'infiammazione. 
Basofili e mastociti sono simili, ma mentre i basof ili si trovano 
principalmente nel sangue, i mastociti si trovano nei tessuti. 



Morphology of mononuclear phagocytes 





Resident/patrolling vs inflammatory monocytes 
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Myeloid Lineage 



Monocyle— >Macrophaqe 



inevase size 5-1 0 fold 

Inevase the number of cytoplasmic orgarelles: Lysosomes 

Inceased precuction of hydrolylic enzymes 

Phagocytic activily increases 

Increased secretion of salutile factors 

Cytokines; ìnlerteukins 1 and 6. TNF-a 
Compieteli 

Lysosomal components 
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(h) Marftvphiifjf 





Funzioni dei macrofagi 

Grandi uccisori: 

•Fagocitosi 

•Radicali reattivi dell'ossigeno (ROS) 
Grandi secretori di: 

•Citochine 

•Fattori del complemento 
•Enzimi 

Funzioni dei macrofagi: 
"spazzini" e grandi mangiatori (fagocitosi) di: 
-Batteri 

-Globuli rossi invecchiati 
-Residui cellulari 
-Cellule morte 
-immunocomplessi 



Lymphoid lissue, peripheral tissue 



Hematopoietic Monocyte/ Monob 
stem celi dendrilic celi 



Common 
dendritic 
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Pre-conventional DC 



-Kupffer cells (liver) 
•Alveolar 

macrophages (lung) 
-Osteoclasls (bone) 



il Conventional DC 
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CELLULE APC 
"PROFESSIONALI" 



Cattura 
dell'antigene 


macropinocitosi, 
endocitosi 


fagocitosi 


++++ 

Recettore Ag- 
specifico 


Espressione 
MHC 


Dipendente dalla 
maturazione 
(da + a +++) 


Inducibile 
(da -a +++) 


Costitutiva 
(dopo attivaz. 


Co-stimolazione 


Costitutiva In DC 
mature 


Inducibile 


Inducibile 


Antigene 
presentato 


Peptldl, antigeni 
virali, allergeni, 
frammenti 
cellulari 


Antigeni 
particolati, batteri 

intracellulari 


Antigeni solubili, 


Localizzazione 


Ubiquitaria 


Tessuto linfoide, 
connettivo, cavità 


Tessuto linfoide, 
sangue periferico 



Cellule APC 
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Glossario 



TLR, toll-like receptor 
NOD, nucleotide-binding oligomerization domain 
NLR, nucleotide-binding domain and leucine-rich repeat containing gene 
NLR, NACHT-LRR receptors 
NALP, NACHT-LRR and pyrin-domain containing protein 
LRR, carboxy-terminal leucine-rich repeats (s) 
TIR, Toll/interleukin-1 receptor 
PYD, pyrin domain 
CARD, caspase-recruitment domain 
BIR ,baculovirus inhibitor of apoptosis protein repeat 
NLRP3, NLR family, pyrin domain-containing 3 
ASC, apoptosis-associated speck-like protein containing CARD 
NACHT, domain present in NAIP, CUT A, HET-E and TP-1 
IRF, interf eron regulatory factor 
STAT, signal transducer and activator of transcriptio 
NF-kB, nuclear factor kB 
ISRE, interferon-stimulated response elements 
GAS, IFN-gamma-activated sites 
RIG-1, retinoic acid inducible gene 1 



Riconoscimento del non self 



Table 2-1. Specificity of Innate and Adaptive Immunity 

| Adaptive immunity 



Specificity 


For structures shared by classes ot 
microbes ("pathogen-associated 
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antibody 


Receptors 


Encoded in germline; limited diversity 
("pattern recognition receptors") 


Encoded by genes produced by 
somatic recomblnatlon ot gene 
segments; greater diversity 




Sptor ^ TOthSyl Mannose Scavenger 




Distribution 
ot receptors 






Discrimlnation 
and nonself 


Yes; host cells are not recognized or they 
may express molecules Ihat prevent Innate 


Yes; based on selection against 
self-reactive lymphocytes; may 



Le pareti cellulari dei Gram+ e Gram- sono fonte di profili molecolari specifici 
PAMP (pathogen associated molecular pattern) 



Gram-positive bacteria 
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Gram-negative bacteria 
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. riconosciuti da PRR (pattern recognition receptors) 



TABLE 4-2 Examples of PAMPs and DAMPs 


Pathogen-Associated Molecular Patterns 


Microbe Type 


Nucleic acids 


ssRNA 
dsRNA 
CpG 


Virus 
Virus 

Virus, bacteria 


Proteins 


Pilin 

Flagellili 


Bacteria 
Bacteria 


Celi wall lipids 


LPS 

Lipoteichoic acid 


Gram-negative bacteria 
Gram-positive bacteria 


Carbohydrates 


Mannan 
Dectin glucans 


Fungi, bacteria 
Fungi 


Damage-Associated Molecular Patterns 


Stress-induced 
proteins 


HSPs 




Crystals 


Monosodium urate 




Nuclear proteins 


HMGB1 




CpG, cytidine-guanine dinucleotide; dsRNA, double-stranded RNA; HMGB1, 
high-mobility group box 1; HSPs, heat shock proteins; LPS, 
lipopolysaccharide; ssRNA, single-stranded RNA 



TABLE 4-3 Pattern Recognition Molecules of the Innate Immune System 


Cell-Associated Pattern 
Recognition Receptors 


Location 


Specific Examples 


PAMP/DAMP Ligands 


Toll-like receptors (TLRs) 


membranes of dendritic cells, 
phagocytes, B cells endothelial 
cells, and many other celi types 


TLRs 1-9 


Various microbial molecules 
peptidoglycans, virai nucleic 










NOD-like receptors (NLRs) 


Cytoplasm of phagocytes epithelial 


N0D1/2 
NALP family 


Bacterial celi wall peptidoglycans 
Flagellin, muramyi dipeptide, LPS; 






(inflammasomes) 


urate crystals; products of 
damaged cells 


RIG-like receptors (RLRs) 


Cytoplasm of phagocytes and other 


RIG-1.MDA-5 


virai RNA 


C-type lectin-like receptors 


Plasma membranes of phagocytes 


Mannose receptor 


Microbial surface carbohydrates 
with terminal mannose and 






Dectin 


Glucans present in fungal celi walls 


Scavenger receptors 

& 


Plasma membranes of phagocytes 


CD36 


Microbial diacylgfycerides 


W-Formyl met-leu-phe receptors 


Plasma membranes of phagocytes 


FPR and FPRL1 


Peptides containing 
AY-formylmethionyl residues 













Le lectine di tipo C 



Si trovano sulla superficie di macrofagi, 
cellule DC e di Langerhans e permettono il 
legame di materiale antigenico 
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glveowrjugales 




D-mannosio 
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Dectin= dendritic cell-associated C- 
type lectin 

Dectin 1 binds (3-glucan of the 
yeast f orm of 

Dectin 2 binds high-mannose 
content in hyphal form of 

Candida Albicans 

Dectin-mediated signalling can 
induce skewing towards TH17 cells 
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Functions of receptors in innate immunity 



FPR/FPRLl 



W-formylmethionyl 
peptides \ 

A V 




Cellular 
response 



Functional 
outcomes 



Increased integrin 
avidity: cytoskeletal 
changes 



Production of cytokines 
reactive oxygen 
intermediate (ROls) 



Phagocytosis 
of microbe info 
phagosome 



